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Abstract 
An energy balancing system (EBS) performs heating and cooling by utilizing the refrigerant cycle. As it produces heating and 
cooling simultaneously, EBS has an advantage when heating and cooling demand occur simultaneously. Furthermore, with 
increase in a thermal storage capacity, it can conduct energy balancing by heating and cooling which occur at different times. It 
can result in both an increase in the heating and cooling produced by energy balancing and a reduction in operating cost. 
However, it leads to increase the initial cost of the thermal storage tank. This study suggests that total cost should be considered 
adapting EBS. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction
Nowadays, increases in the sizes of buildings are causing changes to indoor thermal conditions. A large-scale
building requires proper zoning in order to utilize equipment more efficiently. A building divides into interior and 
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exterior zones by load characteristics. The thermal load of the building interior is mainly affected by internal heat 
gains from people, lights, and equipment, while the thermal load of its exterior fluctuates with variations in climate. 
Furthermore, a multi-complex building requires more domestic hot water than a residential or small commercial 
building. Such a building demands a system which is able to produce domestic hot water and heating and cooling, all 
at the same time. 
An energy balancing system meets the heat demand by producing heating and cooling at the same time. The 
concept of the system is derived from balanced heat recovery, which recovers all of the internal heat before adding 
external heat [1]. 
Fig. 1 (a) is a schematic diagram of an energy balancing system. Heat media for heating and cooling are supplied 
to the zones with available energy, and then returned to the thermal storage tank without available energy. The 
returned heat media could obtain the available energy by energy balancing. In other words, this returned heat media 
has potential available energy (Epa). 
Fig. 1. (a) Schematic diagram of energy balancing system; (b) Energy consumption installed energy balancing system 
By operating an energy balancing system, a building’s energy consumption can be reduced, since all of the 
heating and cooling produced by refrigerant cycles is supplied to the zones [2]. In other words, heating and cooling 
produced by the same driving power can be utilized by the zones which require it. Fig. 1 (b) illustrates the simulated 
result of a building’s energy consumption with an installed energy balancing system.  
When we increase the capacity of the thermal storage tank in the energy balancing system, it can store more 
energy. The thermal storage tank can increase the amount of energy produced by energy balancing and can reduce 
energy costs. However, such a capacity increase can increase the initial cost of the system. Therefore, when 
installing an energy balancing system in a real building, optimal thermal storage tank sizing is required in order to 
minimize the whole cost, including initial cost and operating cost.  
This study investigates the economic feasibility of an energy balancing system compared to an existing 
 heating and cooling system. The result shows that the energy balancing system is economically feasible in the 
simulated multi-complex building. In addition, graphs illustrate a relation between the capacity of the thermal 
storage tank and the amount of energy produced by the energy balancing system. 
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2. Economic feasibility of Energy Balancing System
2.1. A Problem of thermal storage tank installation in an Energy Balancing System 
An energy balancing system produces available heat from Epa which has previously been supplied to the zones. A 
heat pump produces heating and cooling in proportion to heating COP (Coefficient of Performance) and cooling 
COP. Thus, if the ratio of heating load and cooling load is similar to the ratio of heating COP and cooling COP, the 
ratio of heat produced by energy balancing is increased. 
Meanwhile, if Epa remains after energy balancing and is stored properly, Epa could be used for the next time-step 
of energy balancing. Therefore, the ratio of energy balancing increased and operating cost will be reduced. However, 
in order to store extra heat, the capacity of the thermal storage tank must be increased sufficiently, which will raise 
the initial cost. For this reason, it is necessary to make sure that installing and conducting an energy balancing 
system will reduce the whole cost, even if the cost of the thermal storage tank increases. 
2.2. Energy balancing process and relation between energy balancing and thermal storage tank 
Above all, this study verifies how the thermal storage tank affects the energy balancing process. 
When a building has both a heating load and a cooling load, heating or cooling is supplied via hot water or 
chilled water from the thermal storage tank. 
After hot water is supplied, its temperature falls and it is returned to the hot storage tank. Hot water at a reduced 
temperature has Epa. This Epa is stored in the thermal storage tank. On the other hand, when chilled water is supplied, 
it increases in temperature and it is returned to the chilled water storage tank. This chilled water of increased 
temperature also has Epa. If both tanks store heating and cooling simultaneously, energy balancing would be 
perofrmed by a heat pump. The heat pump decreases the temperature of the chilled water and increases the 
temperature of the hot water by refrigeration cycle. After energy balancing is applied, the hot water and chilled 
water can be used again in the building zone. 
If the amount of heating load and cooling load does not match the proportion of heating COP and cooling COP, 
the Epa would remain after the energy balancing process. This heat could be stored up to the capacity of the storage 
tank. Afterwards, this heat could be used for energy balancing when Epa is stored in both of the tanks by the heating 
load or cooling load of subsequent time-steps. 
For this reason, the amount of heat produced by energy balancing is decided by the heating load and the cooling 
load and returned Epa. The amount of Epa is affected by the heating load and cooling load of previous time-steps and 
by the capacity of the storage tanks. Therefore, the amount of heat produced by energy balancing depends on the 
capacity of the thermal storage tank. In order to reduce operating cost, increasing the amount of heat produced by 
energy balancing is effective. However, in the building, the annual demand of heating load and cooling load has not 
changed, so adjusting the capacity of the thermal storage tank is the way to increase the amount of heat produced by 
energy balancing. 
2.3. Conversion of the quantity of heat produced by energy balancing into operating cost 
In order to conduct a quantitative comparison, the heat produced by energy balancing and the others are 
converted into costs. The amount of heat produced by energy balancing is derived from equation (1), which is the 
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Since energy balancing is performed by a heat pump, energy consumption by heat pump is heat divided by COP. 
In addition, the operating cost by energy balancing is derived from the cost of gas, which is the energy resource of 
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the heat pump. In Korea, the unit price of gas is USD 0.0195 (1.95 cents) equivalent per MJ. Using this unit price, 
the designed operating cost of energy balancing can be calculated for 10 years of equipment life. 
2.4. Conversion the capacity of thermal storage tank into the cost 
The stored heat of the thermal storage tank is converted into the price of the thermal storage tank. The prices of 
thermal storage tanks are linearized according to their capacity. The unit price of a thermal storage tank is USD 
8,437 per 1 kL. 
For investigating relations between the heat produced by energy balancing and the capacity of the thermal storage 
tank, it is necessary to know how much of heat can be stored in a tank of a certain capacity. Heat stored by the 
thermal storage tank could be converted into tank volume. Also, heat storage in a thermal storage tank costs USD 
22.32 per MJ. 
2.5. Comparison economic feasibility between Energy Balancing System and conventional system 
Total cost consists of initial cost plus operating cost. Initial cost is composed of design cost, equipment cost, and 
installation cost. Operating cost is composed of energy cost, repair cost and maintenance cost.  
This study analyzes the relation between the price of the thermal storage tank, which is a part of the equipment 
cost, and energy cost. The amount of heat produced by energy balancing is changed by the capacity of thermal 
storage tank. According to the capacity of the thermal storage tank, the price of the tank and the total energy cost are 
calculated.  
Those values are compared with the cost of a system which does not conduct energy balancing, and which 
therefore has no need of a thermal storage tank. For this reason, the total cost is only the operating cost, if the system 
does not conduct energy balancing. 
The total costs of each capacity of thermal storage tank are represented by a saving ratio, which is compared to 
the system which doesn’t conduct energy balancing. This shows the money saved by the energy balancing system, 
even though there is the additional cost of the thermal storage tank. 
3. Data analysis and discussion
3.1. Building simulation 
A large complex building is simulated using TRNSYS [3]. Table 1 shows the input data of the simulation. 
Table 1. Input data for simulation 
Contents Input data 
Floor area 13500 m2 (Residential 2500 m2, Office 2500 m2, Sport centre 3600 m2, Commercial 4900 m2) 
Material Wall Curtain wall (Glass 24 mm, Argon 32 mm, Glass 32 mm) 
Ceiling/Floor Slab (Gypsum 12.5 mm, Conc. 200 mm, Insulation 20 mm) 
Weather data Incheon, Republic of Korea 
Period 1 year: from 1 Jan. to 31 Dec. 
The equipment design life is 10 years, which is the mean value of all equipment in the applied energy balancing 
system. It means that the energy balancing system should be replaced every 10 years. Thus, initial cost is compared 
with 10 years of operating cost. The real interest rate is calculated by 10 years of the mean annual inflation rate and 
10 years of the mean annual market interest rate. As a result, the real annual interest rate is calculated at 0.24%.  
Fig. 2 shows the heating load and the cooling load of the simulated building. The annual heating load is 
28,529.97 GJ and the annual cooling load is 14,811.41 GJ. If a thermal storage tank is not installed, 3,594.21 GJ of 
heat could be produced by energy balancing, so it has 24.27% of cooling load. 
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Fig. 2. Heating load and cooling load of simulated building 
3.2. Data analysis and discussion 
Adapting the same simulated building, an energy balancing system is compared with conventional system. In an 
energy balancing system, energy consumption and total cost are calculated according to the capacity of the thermal 
storage tank. As the capacity of the thermal storage tank is increased, the heat produced by energy balancing is 
increased. Thus, reducing energy consumption by using an energy balancing system is verified in Fig. 3. In addition, 
the net cost resulting from the cost increase of the thermal storage tank and the cost reduction of energy balancing is 
compared with the operating cost of energy consumption in the conventional system in Fig. 4.  
Fig. 3 illustrates the energy saving ratio of the energy balancing system compared with the conventional system. 
The energy balancing system can reduce energy demand by more than 8.29%.  
In other words, the annual energy consumption in the conventional system is 43,451.38 GJ and the operating cost 
is USD 2,813,312.82. On the other hand, the energy balancing system consumes a maximum of 39,747.17 GJ (USD 
2,581,019.08), and annual energy consumption is gradually reduced as the capacity of the thermal storage tank is 
increased. Thus, the energy balancing system consumes less energy than the conventional system in simulated 
building. In addition, increasing the capacity of the thermal storage tank increases the energy balancing, and this 
increase reduces energy consumption. 
Fig. 4 shows the cost saving ratio of the energy balancing system. The cost of the conventional system is all in 
the operating cost, by energy consumption. 
The cost of the energy balancing system is the sum of costs which include the initial cost of installing the thermal 
storage tank, and operating cost. This graph represents the saving ratio by using the energy balancing system against 
the conventional system. The graph shows that the energy balancing system has economically feasible until 
334,812.13 dollars of thermal storage tank.  
The dotted line in Fig. 4 is the energy balancing ratio, which signifies how much energy is produced by energy 
balancing. The greater the capacity of the thermal storage tank, the more energy balancing can be conducted. Thus, 
an increase of energy balancing causes a reduction of energy consumption. However, the growth of the amount of 
heat produced by energy balancing decreases slightly as the thermal storage tank increases. Total cost should be 
calculated for economic feasibility, which includes the price of the thermal storage tank. 
Fig. 3. Energy saving ratio by energy balancing system 
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Fig. 4.Cost saving ratio by energy balancing system 
4. Conclusion
In the simulated building, the energy balancing system reduces energy consumption more than 8.29% at any
capacity of thermal storage tank. 
When the capacity of the thermal storage tank is increased, the amount of heat produced by energy balancing 
increases and so reduces operating cost. However, the cost of the thermal storage tank should be considered. Thus, 
for economic feasibility of the energy balancing system, the cost increase of the thermal storage tank and the cost 
reduction due to the increase of energy balancing are considered simultaneously. 
Total cost which is adapted energy balancing system is reduced up to the 334,812.13 dollars of thermal storage 
tank.  Since the cost reduction achieved by energy balancing is higher than the purchase price of the thermal storage 
tank. 
In conclusion, the increase of thermal storage tank capacity in the energy balancing system reduces energy 
consumption, but for economic feasibility, the price of the thermal storage tank should be considered. If it doesn’t 
exceed the cost reduction achieved by energy balancing, the energy balancing system has economic feasibility. 
For further study, a method to calculate optimal thermal storage tank size is verified. In addition, for obtaining 
accurate data, stratification and heat loss are considered when the thermal storage tank is designed. Meanwhile, the 
whole cost is calculated to include distribution and terminal system in order to compare other variable systems. 
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